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°<M^ S ^-B ^^Aj-olcnV tg^ol 7}^*> 7fl^S} ^elA>o}= fg^ HJ-^ g o] 

* °l-§-^ #J£*fl ^x>5] ^ « 0 v^o] *fl^cf. ^J^^-i- i^V^ 5L^i a^-H-S- 
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-§-tr 4i^>^l Improved cobalt silicide formation method for forming high 

quality cobalt silicide layer and fabrication method for semiconductor device using the 
same} 

A^] 

£ l£r ^2fl2] s"H Aj^A>ol^ tg^ ^ i^^Rr ^ <^^5I). #A^ 

tr ^^Afol^ovo^ ^tg-(Rs) S.^ (loading) £a]^ o] i}. 

£ 5^ ^ ^Aj^l^ rr)-^ s^-e ^^a>o! = ^ « o v«]^ Jr#£ol jl, £ 6a 
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SEMCScanning Electron Micrograph) a^^o] :n £ 9 a ^ 9tr& f^sfl^ H 0 v tN ^*fl ^€ 3. 
tB ^e]A>olcn|oi SEM ^>^l#^i=f. 

5L 10a ^ JE. lOb^r ^tgoj jl^ *J ^Efl^] ^ofl £]*fl *§^€ S*£rH 

^^^ojcnl-^. ^-ti}^ 71] o]eo1 ^ifr l^E^tfl^ HBflBlrOlcf. 

£ 11a £ H llbfe AA ^ ^*H1 ^ #2fl^ H o V ^ 3-8- s^, 1*> 

13 ^UCRTA) ^ °A ^ ±\A ^^Ml SIMSCSecondary Ion-Mass Spectrometer )S. 

B 12fe ^A}ofloi] rc|-= ^ ^ o_j^j- ^aI^V ^eflo] 

RF is)^ ^^1*1 %Jf- o] ^^j. u^ife ZLEflHolc}. 

£ 13a^ £ ^ ^*HH iaim^-g- JI^r«Hl>H f^tr ^, 

TEMCTransmission Electron Microscope)-2- 5. a>^]o]jj ) ^ 13b ^ £ 13c^ j7,g- 

Tfl^^N SADCSelected Area Diffraction) sfl^* M-Bj-^rf. 
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<i2> ^. wvi^ tiV£^l ^r^l *HS IJ-'SH ^e] 3-§-3tt ja^B ^aHjel ^ aj-^ofl ^ 
3-2.3., <£^£] 3tH ^2]4°lH D -[ ^^oi 7>^-tt 7fl^ ^e)a>o1j=l ^ 

y o v ^ ^ °1* °l-§-tr ^r£^l ^r^l H o v ^«Hl ^ 

<13> MOSCMetal Oxide Semiconductor) H^l^-I- ^V3E.^fl i*HH ^ 

^/HL^r dl^/^5fl^ ^*J-ol ^7Kfo^ ^7}o] ^4 ^£7} ^7H>^ «fl^*>7l 

^AVoj:=5M- ^*Kr ^el Aj-g-siji oicf. ^ah^ ^o^je 16-18u 

&cm£] 7>^lJl 1^ o>^>g (thermal stability)^ ^M-^, a.7H <*] 

D=^§- ^(less Rs dependency to size) 3.^3. ^b]X[o] J= S.i.^'tH ^fc»l^^ 

^-§-£lJl Siq-. ^-§1 , Jl^ -g-^-g- ja.*}^ SRAMCStatic Random Access Memory) iE^ 

<14> ^tiV^j ^Tgofl ^VSj-^, ^-g-^Sr^ «-^s.c»l 

^7fls>^ ^ Aj-Ol_E.nl- ^^o] l-^Sfl^Cf. rtf^, ^Efloj ^igVe ^A}o|ci ^ «J- 

^oflA^ iS^H^ f^*}?. *H1 7]^; ^ 4^tr ^ , RF i^E^ ^Z^g- 7.33: # 

^ofl ^Al^Vcf. ZlBdc-11, RF ^E^ o>5^ ol£.( A r+)* ol-g-^ #S]^<?1 

3., 7.^ 5.&>°\] -R-^rtrCf. RF ^^a] 7flis]E^^ ^ 

B£i& ^e|A].olc 7 y ^Ajsl^q. ^ ^^3]- %Aj oJ<* Mtr^f. £ l£r 
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4^r € c g < 3#, 5tt TflolH*, 7^- ^loj^l-, llc^ ^ <3^*H t^-g- ^o.^ 

4. 

<16> £ 2<H1 o}- ^-o), RF ^E^ ^4(10)A] <g£- H^l^l ^ 

(2)^1 ^J-i-(2a) iE^r ^3f|lc»lA^(7)^ ^5)-l-(7a)^ «^ <3<3(3) JE^r 7lMH(5) ^ Tfl^sl 
Ei^(resputtering)5l7^q-, ^^(3)^ ^el€-(3a)°l ^3)1°H(7)5. ^^E^^cf. 

<17> ^^e^^ #51-1- 5&¥ ^s}-#(2a, 7a)S. <?l*fl, £ 3<^1 51*1 £M SUtt «V^|- £0} t % 

^ <3^(3) ^ ^&]A>oiH.4(iia)2}- 7Ho]B(5)^^l s^-H ^e^}°l:E.4(iib)£) ¥^1 

7f 1-^-^*1-711 ^^SlJl, ^^E^^ ^Ej^(3a)^5. <y*fl , ^0^(7)0] H^A^ 
3^J= ^e^M^(llc)<>l <8^=]oH £ 14 £°1 ^^(3)^1 #^°1 ^ol^ns ^. 

<18> £ 4^1 S.*]S)C>\ ol^ ti^ ^o], 7 )t ^ofl ^£ 3^-S^(ll)5l ^SlA>o]c 

S> ^--S-^l 7flo]E( 5a ) 4^ 7H>^1-e1 ^ STI(2)sq- <3<*(3)°1 3*Kr 7}^X}£[o\)*\ 

0.5. jL^Kedge effect)(13)5. <y*fl ^^l^KUd)^ ^^ 7 > ^7>*}<^ Rs 

^o] ^ 7>^^V ^^1- SHM-ir ^ElA>ol^ Rs ^ (loading) ^17} ^sr>Jl ^^/JELefl 
^1 ^^(8)^1^^ ¥ii ^^-(14)^1 ^<yoi s]7l£ TfloiHSl °]7fl ^^ (CD)7 ^ 100nm 

— ^^^> 0 l^^(lld)2l ^flofl Hl^fl, ^ofl JEA^o] ol^ CD7> 4£r 7llo]H(5b)oll <8 ^ 3 
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^H]AHE D -|(He)2l ^V\]7} 7)2] ^-Bfl o^o] oj^. o}*fl ?)}o]^ 2flE}(5b)^ <H 

^rfjH all- ^HHr ^711 ^JL, °m ^ D l*l7fl 

<19> £ ol^j77> Z}^ 7)^^ ^&|A>o] = nV^ tg^^- ^ ol^ 

3.^ -8-°l*>7fl S^tb ^ 9lx= *3 Si^-fCprocess window) 7}- €- iEL^H ^e^HiEL 

<21> M. ^-tgo] ol^j7^> EE 71 #2] afE ^e)A>ol^^ tg^iajog a. 

[^-^ ^ *}•_§.] 

<22> a o V 7 ] 4^1 « ^*>7l ^tt ^ ^ ^HH^ -SJiJ^-g- X^^r £ 

e]^><^ 2tB7} <£-§-*H 2tB ^£l4°l^ D -lt ^^*>£^- tb4. 

5L*1 ^ A oHl atHt i^Kr ^^^sl, ^1-B7> ^e]^ «]-§-*H 3. 

^tHf 1Mb ^ ^^^.^ o]o]*] t stHt i^*Rr 5| $H £)e]-^ ^^>% / 

*1 1 ^-cf €■ BM^-ol ^^^-i: ^^eVcf. ^aj-f-i: <l^e]^^ S^aV 
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<24> # 7 j cf^ 7l#^ j^^I* ^s>7l ^tt #-£*ll ^ ^"HH, #71 ^e)^ 

-i: 5L#*Rr a Jr£^1 71^- %# #6j) ^i/^^l^I ^ # 

el^B]^ TllolHol^. 

<25> 71EJ- ^A]^^ ^^^ol A>^S.£- #^tV g 5L^°]} ^5)0] $X^. 

*#3<H -^Hl«* ^"2:^ ^Sfl^ ^ol4. M. ol^oflAi 7flAl3 

tt -^HM *H^*r 3j°l cfs. cfoj^j. 3^ zjL^ ^o]b! ( cf^ #^H1 

^3 7flAl7> S^KE^ Jf-#S1 ^Al^ 7f^l ^^Ml 

° a V ^^7l ^ %°}^, ^*fl ^€ 

^ ^ Jl4i» *13J^h 

<27> ^Sl ^AHlS-oflA^ S^S^ $H ^*Hr 5g3§^ ElE)-^ S-^} 

^(Ti rich) ev^-S. 3°iq-. 7,|3gnv ^ e]^-^ ^^(^H ^ 

Sl^ 21^ (€El)^5l^Bl-)Sl Tfl^ SJ-A^H Tfl^ofl €^fl*Hr A>5)-# ^3*#-§- ^7] 

tVcf. n^A-J <£jrt£ S ^V H Aj^ A >ol^n^ ^#ol 7 >^]. £ S. ^- 7^o]^-. ££ , -g- ^ ^ ^ 

el^-S] 7fliS]E-l^^- ^^^0.5. «oM*>7l RF ^Zj-ofl 21 #^El ^-fr ^ 

Al^H iS^E ^Sl^olc^-ol ^Aj^ ^^ofl ^Aj^ol ol^- 7,].<g#S).n1.^. ^7|^ 7lo11 

^ ^i^sl ?A°}^. ^ ^4^^^ ^ ^1^ ^711^ AjAltV 

4 f-^r ^^51 ^^Al RF >i3lE^ ^-g; ^^1^. ^, -g. «V^o^ cf^ 
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<28> M. 1^0} <g ^AHofl 4s -?m}-H ^aHjel ty^^r CMOS^ SRAM^ 

<29> £ 5^r ^"^^ «J ^AHlofl n}^ 3.^3. Jl-§-£°1 Jl, £ 6a ^ 

<30> £ 5 % 5L 6a# ^ B 33*1^3 <g>£ c}.^l(Sl)# ^A]*Vcf. ^Sflajo. s., -§- 

^ STI (102)1- ^ p ^ ^3 .a 7lJ8r(l00)#<H| °l£r^<SH 2] N-€ 

(101) 5? P-€( D l£^l)^: ojc^A^ 71^(100) ^Hl 4rS**Hr 110-130A 

§>J1 t-e^e]^§- 1500-2500A * , °1» sflEi^H 7flo]E(105) ^ 

711 o]E Aj-5j.nl- (10 4)^. tg^t}. 711 o]E A i5|-^-(104)^- #3^, sj-^TT *1=.S 

w ^i^-^-, IH^Itt #3^, ^i^, ^Ef^- AV^nV - 0} Aj-^^-o. cVD(Chemical 

Vapor Deposition) iEfe- ALD( Atomic Layer Deposition) ^ ^og. ^ 01 

tf. 7flo]H(105)» ^*Rr LP-CVD ^ «<HjilS. 

<>H, LDD(Lightly Doped Drain) <3 ^ ^ ^tr °l£r ^ltr*}. n ^ As+) 

^ NM0S H^fl^liE^-g- LDD(106n)# ^s>ZL p *g o]^.(ofl., BF 2 +)* ^r^H PM0S 

H^^l^E^-g- LDD(106p)# Til^sfl^ t 7flolH(105)Sl ^«H] ^o]x\a07)M: 

4. ^l°HU07)^r ^^-^ SE^ MT0(Middle Temperature Oxide)^ ^e]^ ^S}- 

^ aj$^ f£S ^^tr^r. ^5fl°H(107) n ^ °l£(ofl., As+)^r ^°J*>^ N+ 4i 
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SL^/ELZ]}°± ^^(108n)* ^^*>al, p*§ BF 2 +)-i: ^«9*H P+ ^SL^/ELZ]}o) eg ^ 

(108p)-i- NMOS ±.±^/^]}9l(109n) ^ PMOS ^i^/^efl^l(109p)^ ^W^. 

<3i> £ 5 ^ £ 6bt , #711 (S2, S3')* 3tSt ifsffe ^ 

(111) #?H(S3) ^ El^o} ^^nv (113) ^^1(S4)# ^Al^Vcf. 

<32> x^b] ^^1(S2, S3')^ 4i^.^/^efl^l ^^(109n, 109p) ^ 7fiolH(105) ^Ml 

*}<3^2K V ^/C£^ ^3fflolA-l(107) ^^A] f-S] aflTj^M 

<33> 3-711 (S2, S3')tt ^ #7fl(S2)sJ- RF — ^1 a1z| 3tH(S3')£) S^LS =?- 



O 



<34> U)SL AlZ| #7l](S3')<HH ^^E^^ , ^ ^ 

S)^^ o|-E-g- ^ ^oflAi ^^(113)^1 ^f*b ^E}^] ^TlSlS-S. 

<35> nJ-aW. RF ^ #31(S3')^r €1L<H1 ^1*1^- ^ sfttf. ^ 

^ #31 (S2)fe ^Mr^ RF ^3EjEi ^]Z| Cj- ^ ( S3 . )<q ^ o^ofl icj-e). Cfo^j.^ ^A] 

^ *r 91^. RF ^ ^KS3')« 3 -Mir ^ ^Ml ^ 

y o^H, RF ^Ei ^ 3 Til (S3 1 )# ^^lir ^^HV f-o] fc^-fr Q^m] 

§ *r O.S. ^lth=f. 

<36> RF *W #7ll(S3')» ^^l£r ^ ^ ^ # 

^Sl7> Wl-^^Cf. % w o V^^ #01^6)1 5l^5i HF A]-g-s>^ afll c+Tll, ^2}- 0 J- 

S.-H-, ^RVsK^ ^ #^ SC1°-^ A>-8-*>Tr ^2 ^Tll £ #ol^o)] HF <3j-gr 
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^>-§-*>^ *fl3 tM^i}. 100:1 HF ^ 200:1 s]^ HF ^ 

S--T- ^>-8-7>^*H, Tfll 10 300^ ?1 «l-^-^*>7lS^ °J= 150^?J ^A]sr>ZL, *H2 

^31 ^ 40 ^fl*l 90°C 2] «]- el- 21 §1-71 70°CS) -&^<>\]*] , ^ 1 ^^1 60&£ , «}^*} 

715.^ 30-g-?I ^l^Kn, ^13 #31^ ^ 10 ^^1 300^ ?i w>a-^i^l-7lS.^ *t 60^ ?i ^7-1*1 
-T- 1H£ %^>4" ^-g-*Rr *U ^741 ^ s\mq HF ^* 

^f-g-^ XI 2 ^^cf. »]i #7}HH A>-g-sl^ til^ 6 :iol ti>^§> 

-H, ^12 ^tHH 4-g-5il^r 3?*}^ HF^^r 100:1 s\M HF^ 200:1 s\M HF ^ S^f- A>-g- 

7>^*>rf. tHU 120 °C £r.£°lH 500 vfl*l 700 BlQ , wV^^lS.^ 600 S?i ^H§} 

-H, Xl2 'StII^ 150 ^*1 300S7J, ti>ej-2i§l-7l^^ 250^?i ^1^1^:4. 

<37> tij-n^ RF ^ ^7fl(S3')* ^^Itt #71 ^ 7}7l ^Al Afljg Hj-Al^ ^*Rr 

^-"^oj ^7,1^ ^51 Al7j-# ^l^^TlM-, 5]^ HF^ *i Si #_<15. ^ ^ #311- 

<38> °1<>H, 71^(100)^1 n}e}- ^^S. ia^B^ i^Rr ^-(111) 

* ^^<=KS3). 

<39> afHf 5E^-*Rr ^KllD^r 100% 5tH n JI: i^"*>^ ^ st^.^ £E^b s^-H 

^nKg. a.- ^L^Rr -§-°Mi}. S^B ^^S.^ ^^#(Ta), *1 =LiS^-(Zr) , ElE^Ti), 
H^(Ni), ^H^-(Hf), ^^^1(W), ^(Pt), ^ef#(Pd), «H+#(V), ^J$.#(Nb) ^ °l*2l 
^#5.-^ 4d^l€ 20 ^7>(atomic)% °1*}S if-*Rr S^H ^-*W v}#z\f>}x^. 

<40> i^B* ifsl^r ^(111)-^ ^^Bi^ojl o^gfl ^^^cf. 3tEt i^-*Kr 5V(111)^ 

sMIfe 71101^(105)^1 CDM- .HBjSH ^^M}. ^l* -t-^H, TflolH^l CD7> lOOnm^l 

^<H1tt 150 A °)*\ ^-v\}sL w>^W. 

52-12 



10^3*0066498 #5j 2003/10/15 



<4i> 3tSt Ifs}^ ^"(111)^ °]<#4\ ^d\}^\ ^ 7}^}t}. 

*»*\SL3, atEt i^Rr ^-(111)^1 300 vfl^l 500 -H^r^^i *H8*|-fe w>^- 

3i^>cf. jL£«*IM f^*}^ £ 6b^ ^-cfl <3<*H) SAlsH oi^ h>s4- ^-o] ^aH) i^yj- 

B# i#*Kr ^(111) atS7} i^.i/^eflo] ^^(i09n, 109p)^ ^ TlMH 

(105)^' S-el^^^^f «l-§-«H 4°]3tS Sii^^A>oli= (Co 2 Si) S.iL^^-H 5L±<£v) 

A>olc (CoSi)s ol=o^^l ^l^ni-( 115a )ol ^^^t^-. 7fl^(115a)^T ^Mr^ 1*13 ^<>1H 

<42> Tfl^lH, atSt i^Kr ^(111) $H ^Bf^-ol ^J=L^- ^^(113)# 

(S4). B]^o] ^^^(113)^: ^^(113) ^ E^Ef^^ ^7}% / q-n^j oj^. 

%7> 1 JiLtf €" 5V* ^OT". E]^/Ii2l ^7>% H]7> 1 ojAj-o] ^ ^2^, E} E^r/^ 

1 olAj-o] EjBl-^ ^3]^, ^ ^EBr^ ^ ^^-/^^ <£^. % y] 7> X 
ojAj-o] E]^ol E]EHf" ^5)-^ ^f.nV ) E] Ej-^ «} E]Ef^-/^^^] ^*}-% «1 7> 

1 °l*}<y ^^7> ^j*-^ E}eBt 23i>K^ ^ ^Ej-^-nV ^ E)E]-^-/B^^]^ <^j-% tl) 

7> 1 °K)-o] E]Ef^-ol Jg,J=L^- E| E)--q- ^^^nV j E]e]-^-*V ^ E] E^/B^ig 0} o] 

«l7> 1 ol^-o] Hj^^ol E|Ef^- ^^)uVo) ^fn|o^ o] =C^^1 ZL-g-o|l^ A} Efl ^ 

S>q-olT^. a, EjEl^-o] ^JjL^- ^^°V(H3)^ 100% EjE^O.^ ^ E]E]-^-S]-£ 

<43> ^^SV(113) ^^E^ofl c^fl ^^t-V4. EjE)-^-/^^ %*\% B] 7 } 1 o}Aj-o] 3 

TS-°1 ^¥"# ^Ef^- ^3^2] ^-f* ofl5L E]E]-^- AV^Jl, ^E^ &x}3_ Jfr 

7}-^<2] -B-^ ^<sRr 2:^ 7f^l^ ^^(113)* ^ XI 

4. ^^^"(113)^ 5E*V 
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<44> RF ^*\*\ q*} #7fl(S3'), 2t£t ^Wtt ^ ^-^1 (S3) 9J ^Ef-^ol *3 

<45> £ 5 ^ £ 6c# at^t 5L^*Rr e|(lll) ^ ^E}^-ol ^«-*V ^^(113) 

°1 T^-Sr 1*13 ^^1(S5)# ^-Sr I^tt 350-650 °C ^ 

<46> <g^^ ^o] Al^-s]^, ^ ^^(113) ^*}7fl €^ti*Rr ^^o] 

Bt 3LWtt 5V(lll)5f ^^JL 91^ ±^.^/^]}°d ^ ^ ( 109n , 109p) ^ Til °1H(105)^ # 

<47> E^TEr^l <^fl ^T^fe 3tBf 3LWtt ^(111) ^ *H 4H*Rr 

s]°J RF ^3]Ei ^4- ^1(S3')a1 ^*Kr ^3j-#, ^ lr^#°l^-. 

<48> El^oil o}*fl *fl?l5q^ a cf€- S^-H* i^Kr ^"(111) ^ RF i 

*)3 ^ ^7fl(S3')# ^^*>Jl ^ 413 #31(S2) ^A]^- ^ ^^-H» 

i^5>Tr ^"(111)^ Ol-^I^S. =0^^] ^rZL i^H-I- Itsfe ^(111)3 # 

77}*] ^*fl Aj^ol S7l1*>7ll S]J1 ol ^Sfl X\# ^-oV cfl7l f^l 71^(100) 

^ 4] 3 ^ 71^(100) S^o] cfl7l f^ofl ^3 A]^Vo] Zlo]x)Xi\Z)-^ o) 
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*3 *l*fl *H ei^o] *j| 7^0.3. ^ atBt BJ- 

(111)2] ^aj- *1*H cfl*V ^ ^« ^ 5^4. 

<so> E^Ef^-o] l^^-i- o_s. ^flTl^, ja^B* s|(lll) i-fl^ 2tH7f 

i.^i/=eflo] ^^(I09n, 109p) ^ T^MB (105)3. SH+S}^ («-e) )^e] ^ oV-g-SH 
tftfls] CoSi^-(115b)# 

<5i> *V3i, ia^B-fr 5£^Rr ^(111)# 300-500°C^H ^-a> 7jl^^-(115a)^l 

€^fl^r ^-Mfe Co 2 Si SE^ CoSiS. ^€ SK> ^*fl 3l^(115aH i^H^ ^£1- 

3.%tl= ^^AVol^sj. tn-o- «^ *Vrf. £ 7 -§- %^f>W 

^, ^ ^l^^-(115a)« ^*Rr Co 2 Si 5E^r CoSi^ 4^ <^ 

^1^^(1153) ntSt 5L^Kf sv(lll) ^ 2tB7} 7]^(100)-2.S. °l^*Hr ^-a> 

^3.(200)7} cf^^ ^^(grain boundary)^. ^5)7] ZZ.ei.E.3. 3H: <**fl 

(115a)°l S*^ ^5.(250)^14 zl 3^ ^S7> #<H*<H 30. 3 ,|E 7 f ^ 

?4 ^}-S-*>7il =14. sj-Ai- 7fl^°Kii5a)* ^^-Jis*) 7Hv^>e) jl^s. <y*n 

<52> <i^sHl ^-a> <**fl 7^1^4(H5a)^ Co 2 Si£ CoSiS #«r^4. 

<53> cfA], 3E 5 ^ £ 6d» ^^^"(113)4 ^ t^^oll <^fl ^a]A>o]c.s}-£]^ 

*1 *]•-§- tfEfl's #o> oi^ 3tSt £Mb sv(lll)* ^l7l^ 

#3l(S6)» ^Al*>4. ^ ^ ^A]-2j.0]- £ -0) ^^-on CCi. o]aV ; ^a> ( ^ 

4^3-^3 4"§-*>^ ?1W4. 
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<54> o]6]X\ t <i^El #7fl(S7)-& ^^*Vcf. n-g- gajeH CoSi^(115b)°l 

^ CoS i 2^(1 15c ^i^r^cf. CoSi 2 ^ v (115c)^: CoSi ^-(115bHl wl^fl Ji^- ^ <&;§3 0 1j1, 
Vfr^r *11h§: 7>^lcf. 1*1 3fe 700-900 °C ^ ^£ RTAS. ^a]*1c}. 

<55> £ 5 ifl^l £ 7^- *UHH*|^ ^>7l 33 -gB^HS-^CSelf AHgn 

Silicide) SAl^o.u)-, ^A^l nJ-eMfe ^|^A>ol envoi ^sH^tt 

<56> DRAJHHtt Tfloje ^Kg. sl^sj-^A^i ejnefl^ Bj-^^ -B-*]<5}7l flSJH % 

*>nf. tiV£^l ^ojyVol^ol jla^ ^4 ^3 ^ = ^^"Jl 31^ 

Dflaell- MDLCMerged DRAM with Logic)^ ^r^s)^- ^ S*}-*f<>lH^ 

xifol4 7flo]E > ^o^/c eflojo} ^^%V ^sfl ^uzf 711 °1B. S.^f % 

^ TlHH H-^l- -Me)A>olc^^ ti}^ ^s.^ ^ ^H^H^r 2|^sl ^ 

^ gfl4=| Efoj o. o_^}7l A-l TllolenV O.S. ^A}ol J= S^rRr ^ ol ^^>cf. tilflig- 

^ nll£el di*}^ ^^l^l 3fl€ ^£7> ^7>^] TljolE ^ol7> ^7H^ ^ 

^7>5l^ 7fl^*>7l #f>}°l TllolH^ ^I^iLilL ^BlA>ol^5l-^ 3} c>l ^J^t}. 

iE, "4^1^ TlHHoll^ ^elAVol^ ^^^1 <gjL t ^^^/S.t]}9]o\}^} ^SlAH = 

<57> , Aj^^O.^ ^SlA>o]H.^ m&.7\ i^#Al7l^ ^A}olJ= 

nV ^ ^13 ^711 *H1 Cl ^Al^ ^ olcf. 
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A*. 



<59> ol^o] tij^^o] ^ofl^-§- JitJ. ^tg^ ^olcf. ^ f c^7l 

<60> <^ofl l> 

<6i> tiVi^l $H llOnm cfoj^oi 6Tr~SRAM <£-$r ^ f^l ^4 

S#)o] 7l^r ^ofl SC14 HF^ *r«5. ^5]^ ^ ^*r^. 50A ^v\]S>) 

^S]-°Kg- <*r 91^ Ar RF ^^-g: Jf, i^E^^ofl i^H 

^ 100 A ¥?fl5. ^^r^, N 2 7}^2) ^3.-?-§~g- 30sccmil^ *H ^e^o] ^e}^- 

100A ^}s. ^^?>}<%sl&\ , #31^ ^-^1^5- ^l*r53^. ^-71 
S. ^^hfl^ Ti %/N Qx} %£) Hl-g-^- RBS(Rutherford Backseat tering 

Spectroscopy) S ^ 3.33^1^4. 

<63> l*> RTA1- 450 °C <HH 902:*]- ^^s>jl, ^^§^ ^ n] «]--§- 2tS D 4t 4^ ^ 

^-ofl^. A>-g-§>c^ tb ^, 2*> RTA» 800r 30S -M^rS^. 
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<64> o. ^ <£o]Q CoSi 2 ^ SEM(Scanning Electron Micrograph) ^-^l S. 8a ^ 8b°fl £ 

91^-. £ 8a^ TflolB^ #i33E°laL, S. 8b^ ^ sfl^^l ^*fl « # 

<65> tr^, N 2 #S.-f#-8r 85sccmAS. *H ^ ^ ^*}53i=Kr ^ ^Sh^fe 

sgj^g^ Ti % / N %^ H]#^r RBSsL ^4 0.89 ^l^. 

<66> cfl^ *HS^1 CoSi 2 ^"^ £ 9a ^ £ 9b^l £^s]<>| oicf. £ 9a ^ 7]}°} ^.2] ^ 

<67> Efl^B SEM 8a ^ £ 8b)sf ifc aas.^ sem 9a ^ J£ 9b)* w] 

J2*fl^ ^ofl ElEf^-ol *\-&-&}^ iH*V CoSi 2 ^ 

(morphology)7> ^-^r ^ CoSi^^l -§-#S*H «1 «fl 

iff ^ oicf. 

<68> <^|oj] 2 > 

<69> ^l^ofl lcfl/r] ^wltt EfliH ^# S tflS NM0S TflolH^ ^^-4 PM0S TlM 

zj-z}- ^^^>^tq-. n ^J2l-7l- £ 10a ^ £ lOb^l S^l^H £ lOa^r NM0S 

^olH^I £ 10b^ PM0S Sa]^, ^ JE^H -OS =L 

efl^^r 3]^B -n-sl M-El-vfl ZLeflH^r rflS ^#-g- M-E^t}. 

<70> £ 10a ^ i lObS-^&l E|iB ^#°lH^r Rs *fl-f ^o_^^i -^tr cfl^: 
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<?i> <^^i.3> 

<72> ^^c^l ^g-Oj^ « 0 ^O.S E|AE A«§ ul ^ 2 Afl^ ^til^, RTA 3f°\] 

^^-7> ^ £ Ha ^ j£ llb<Hl lE^SM °M. 

<73> £ 11a ^ £ llb^l^i Q "▼- ^ 31 -OS* -D-fe ^« Zj-Zf 

10 2 ^£ ° B V ^ sa^f. £ lib a] ^oi Om o] 1 ^ RTA ^ ^^3. s^l^i, 

^^A>o]x=SVO_^ ^i^l^lcf^ £ iib<£) ^41- # 

<74> <^oj] 4> 

<75> RF ^3S)B] ^A]^) ^rJL Afl^ ^ ^ ^JLS ^ 

*l*>5$i=Rr ^-i- aflsjsl-uiSr HH e|ae 2).^ 4 -^^§>7ll tfl^E ^ 

^wl*>^cf. MM t= 200:1 s)^ HF^jiLS. 150^# ^e)*>JL, SC1.2.S. 30£-?V 

*13^r 200:1 sl^ HF^^.B 90^# ^J^*}^. ^£^}o] 1=3} 

PM0S<HH P+/N ^^-^ ¥^21** ^^4. 
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<76> Cfl^ ^S#ol 7 ]^. ^T^ofl SC134 HF^ ^ *>3fltfl3. ^ 

Afl^e>ZL, Ar RF ^*ltr iM ^ ^ ^ °fl 3*11 S^rH^ 100A 

^*}JI, N 2 7}i<2] -§:-§: 85sccm-2.S. ^i7f E^Ej-^- 100 

A ^*f53-°H, 31 ^B. -^^*>7fl *Uj)tr ^, PMOS^H P+/N 

<77> ^ ^^71- £ 12 ofl S.X\S]o] oicf. -□-■?=■ EfliB ^#-ir, -O-^r <fe ^Z}- 

<78> <^*M1 5> 

<79> ^E)^- 7l^r ^Hl ia^H^M- 400°C^l^i 80A ^, TEM°-S. *r% v *r ^^)- 

7> £ 13a<Hl £Al^c^ oicf. £ I3a^l 5*1 3 <H SItz «>^f ^T°l , iil^B^ ^E)-g- 7l^ Tfl 
^1 20-28A -^13 3tH ^^a>o]c Tfl^Hi-ol ^^£1^-8-^ ^-o]^- ^ &t}. 

<so> a^B ^3e]a>o1£i f^l- ^-<y^>7l JflsH SAD(Selected Area 

Diffraction) $\QSr ^4?r £ 13b ^ £ 13c ^1 S^l^H 014. £ 13b ^ £ 13cS^- 

B) JL-£ f^Hl ^*fl Tfl^Kgr Co 2 Si^- CoSi°J* ^ ■ 

<8i> <^<i 6> 

<82> £}Jf ^3.3. 7i ^ofl cfl^H SCl^f HF^ ^Hl^S. ^e)s>jl Ar RF i 

3^ ^]z)-f ^1^*1 Jf, 400 °C 3 ^r^H 100 A 3tEoV|. ^aV^V Jf, l*}- RTA# 

450°C <HH 90££# ^^j-ji, 7fl^gnv ^ nlHV-g- ^tl^t ^3 ^Ih^^: ^-§-^r°i 

^lTltr ^, 2*> RTA# 800 "C^H 30i£# ^l*r°3 *fll Efl^H ^«1*>£4. 
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<83> RTA» 302^ ^l*>£tHr 3* aH^uIfe *fll EfiS q-^^j ^ o. ^ 

<84> i2tS D -[2j ^ZV -&£o> 150 °CS. *}51 l4^^1 2;^^ ^1 Efl^E aB^jt}. ^Oj^j ^ 

<85> 3*H^ faV ^-£o> 150 S>J1 u)-^^ 2:££r *fl2 EfliS ^#4 ^^Ml *}<*| 
^2 xflS ^« ^til^S^f. 

<86> *fll ^ 2 Efl^B ^1 ^ ^2 Cfl2 ^#2] 
<87> 1] 
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7.0 
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8.2 
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8.2 


8.0 


7.8 


8.2 




12.2 


9.0 


8.7 


12.0 


9.2 


8.6 



<88> 



tfe ^1- 121 0.65^ RsliLT} 0.13#m tIMB^) R S 7> ^J-Tfl ^3.^ 

, ^ A o^ CD7> 100nmol^>S. 33- a]z|^^^^ 34. ofl^%v + 01^ 



<89> cfl2 ^-f- 1-4 21- HlJH«Ha.^ ( CDl Rs^Jt ^*Hr 1*> RTA *1 902L^H 30 

<90> Cfl^. AflS. 1JI). Efl^B ^1" 12] ^oZfl- tijiil^ M}-^ ^-Ol iS^EDVOj ^2V^ 

^(400r)^l^1 ^IW^S Cm Rs& 3-o>7^ ^^a>o]c Rs ^.g- sj^s)-^- 4: 
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t SU^-. aL£ 3tH ^aHjel Tfl^Sl 3^ ^^1 7l^cHl 

302:3. 0. 13/01 7iHB°lH^ R S 7> 0.65//m 7lH Ho^o] Rs ofl «]gf) ^7}*}^ ^52f# uf 

4^ *r $14. °m TflolH^ CD7> lOOnm °]*}3. ^ RTA^ 

<92> <^^^1 7> 

<93> Ajlgafl 6 oflA-l ^#13f Cfl^ ^1- IS] ^ # = JL^ ^^t}. ^ 

— ^« 1^ ^ ¥i§ ^ ^R3°l cflS AflS id] yj^fl ^5)^0.0. o s V - el,} SE> 

EfliB ^# l^H ^^^r STI 7>^-7>e] cg^ofl ig^s]^- A>o] t= 3=^]-. 

300-360A°Jofl ^«fl tfe 14H ^4 STI 7>^>^ <3<*o]] ^3 

4°lHHVo] ^711^ 370-700 A^-S *fl4- n^^l 

1^2] Ml 

<95> l^ofl 4^ S^H ^E^A>ol c ^ tiVtt]^ ^ E)E|-W* ^^>7)1 if-*Rr 

^Ojg. ^ ^ 5> Jl AjBH^ o.^_ £)tt RF AlZ^ ^ ol 
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[^T 1 * 1] 

S ^ofl cgo^ <g^,g. yV^^l 7 ]^. ^ofl ^^2lo.S isI^S ^S]A} 

<3<^H1 2tBt 3L#sHr ^ *§#*H= #711; 

^7} 3tHt X^Kr ^ $H Bl^^ ^7>% / M-t^^I ^X>%7> 1 ilcf €■ B] 

2] 

*Dl *eH ^-71 ^ El^Bj-, ElEl-^-/^^^ ^7 >% y l7> ! ol^-o] 

^ 2)3^, BlBl-^/H^^o] ^7>% «l7> 1 o]^o] b]^- Ej^^nV j ^ 3 E)-^ ^ E) E} 
^/^^ ^A>% Wl7> 1 OIAVO] EjEl-^-ol ^«-«V ElEl-^- ^Sj-^ ^j#H| > ^ E^Ef^ ^ . 
ElE^/^ol ^7>% «17> 1 ol^l-o] ^^7f ^-f ElEf^ ^3^3] 3f^, ^ El^ 1 ^ ^ 
ElEf^/ej^^l^ <£^. % ol7> 1 olA 0 Vo] ElE^o] ^w.S> E) Ef^- Bj^^JnVoj ^jt. £ 

^ ElEf^-B]- ^ ElEl-^/E^^^]^ ul7> 1 ol^o] tg^ol ^«-*V E] BJ-tj- * 

f D -[^ ol^ 7 J zH-oflA^ ^q-Oj 3}^ ^lO S ^ ^E)A>ol_EL ^ 
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[^t 1 * 3] 

[^T 1 * 4] 
6] 

[3^* 7] 
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[^t 1 * 8] 

9] 

eIeBt, *}Ht=t, «Vq-#, q_SL-g- ^ oi^o^ ^^-l-s^-Ei Ajifl^ 

20 ^*Katomic)% ol*>S 3.^3. ^^91 7 A=r AS. sRr iEL^B. 

10] 

*fl2 *<H1 9X°]^, #7} StBt 5L^}^r ^ ^*Rr #31 tt 300-500 "C ^ ^ 
11] 

*fl2 %M1 &<>H, ^"71 ^^^^ ^"71 3.^37} ^7} -M^^- 7l^r ^AEE^r ^3 

^•^ if-*>^ ^^2] ^e)^ i^^^E S^^^^l-o] = nv^. ^a^> £ S. ^ 

^ *fll ^S^H ^a]^ ^4- <m clTfl; 
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[^^g- 12] 

*flll *cMl 31°]^, ^7} A}1 350-650 °C ^ £r£ ^^H^I, 

A oM ^12 ^5L^ 700-900 «3^°] iS^B ^^Afojc ^ 
13] 

Jt^ofl ^ <^^^ 7^^ $H AjlM^ 0_S. iS^B ^S]A> 

^1-71 iS^B* B^*}^ ^ 3H1 E-l^^-^ ^7s>% / UH*] ^i2] ^7.>%7> 1 iCf e E] 
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[$^* 14] 

E]E^ ^3^\ E]e}-^-/e^^ o^}. % wl 7} 1 olAj-c] E^E}^ ^ E^E]-^-nV ^ b) 

E^/^^ *}7\ 1 Oj^-o] E^^o] ^«.*V E]E^ ^ H-jEH^ ^ 

^Ef^/^^o] ^ % U ] 7 |. ! o^o] ^^ 7 > «J=L^. E] E}-0- ^Sl-Bl-Bl ^ E]E^*V 

^ 3^/^^ ^7>% Hi 7} 1 ojAVol ^a^dVo] ZL^Jl ^ E} Ej-^ ^ 

ElE]-^-/^^^^ <£ 7 ]. % ti } 7 |. x oj^o] ^^^]ol ^w-tb ^E^ ^^ol-o_^ ojs.^ 

15] 

^1 14 *<M1 5U<>H, ^ E^E^^/^i^ <£^ % y} 7} . ! oj^l-ol E| Ef^g- 

l^TQ 16] 

*fll4 *oHl 5a°H, ^-71 stHt ^ ^*Hfr #7fl ^-71 ^el^* 5. 
17] 
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18] 

*fll6 %H1 , #71 ^Tfl^ RF 3r7fl« 5LW^1 ^ 3* IRJA 

[3^* 19] 

*fli8 ^Hl A oM ^^1^ 



20] 

*fll8 5^1, a o > 7 i ^.^)- 



^^-8: ^>-g-*>^ *lli #31; ^ 

21] 



*fll4 %H1 &<>H, #71 StHt £#*Kr ^ 
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-f-E-i A}f»£ 20 €*Katomic)% °1*>S 5. S^m ^-^<?1 3J-g- 

22] 

*fll4 ^ 711 *§^*K£^- ^ ^£^r 300-500 °C ^ ^ 
23] 

*fll4 %H1 5a°H, ^7] l^el^ ^-71 <^M1 711^^ cfoi^^- H sL^^al^o] c 

£t5tB S.^SlA>ol cnj-o.^ ^i^Sl Jl, Aj- 7 ] 3tH7} #7l «];-§- *}<*| St 

a^^A>ol^^ tg^^-S. ^ ^oflA-l ^A|*>^ ^1 ^ O^iy 

711; 

^71 7^3gnV ^ AV 7 1 ^j! ^4? <m #7lHH n] # 7 ] 3 |VE f i*V^ 

nKg. aJui^ o_ s ^171^ ^-711; ^ 

<bM ^ll -^SiL^ ^12 ^rSoflAi ^S^a} ^ fikiatB Si^J ^ Afo] e nV 0 j 

24] 

^123 %H1 a o > 7 ] am A-c^ 350-650 °C ^^l^, 

A oM ^12 700-900 °C 2) ^^<y f^lS <5>^ iEL^B. ^5lA>ol= ^ 
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25] 

S^l €<3 ^-£^1 7m $H o.^ 3 fE ^e)A> 

XI 31 s>fe £:e<M #71 3tBt X^}^ ^-i- ^#*Rr #7jl; 

Hl^oi ^^-t- ^#*Rr #31; 

#71 SKI" <^Xl 31 S-lcS^B S^^5lA>o] c^. ^^£]ZL #71 2tB7f #7l 

13 #31; 

#7l ^ #71 *fll #4* 1^ #3HH *1 aV-g-^- #7l StHt i^3>^ 
nvo. Ajgn^O^ *ll7l*Hr #31; ^ 

#7l ^1 ^S.Hcf ^2 ^oJH <g*)ii|*M ^7l S.^^e]AfolJE.^o] 

2.1^2^. 4°1 A ^4°1 = D -1-^S #$5:3 *}tt XI 2 #4* 13 #3l# £t^^ ^3 

[3^*8" 26] 

ti>£Xl 71^1 %# ^<*-g; 3}Sl«Hr ±i7> ^ ^#*Hf #7fl; 
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°1^-<H*1 7lMB» c^j; 
^"71 3tBt £ftf^r ^ V ^E}^ ^7>% / Q7}%7} 1 J±cf ^ 

#7] <I^5l^ ^-7] 3tH7f ^-71 TllolJE «] ^- 7 ] ^O^/c^o] ^o^o] ^ 

31 ^7>«] ^ wj.^ 
27] 

*fl26 %H1 StM^i, a o > 7] ^nl-o. ElEf^-^-, ElEf^-/^^ ^7>% 7} 1 O^o] 

E^E}^- ^5)-^-, Em^/^310} ^7>% y]7> 1 oj^-o] ^ ^Bj-^-^ ^ E} 

El^/^^^ ^7>% M)7\ 1 ol§>o] ^^ 7 > B|EHr ^2]-^ ^#^V, ^ ^E+TT^ 

^ ^Ef^-/^iS]l^ ^7>% a]7> 1 ojAj-o] BlEf^-ol ^«-*V E^EHf ^a^1dVo| , H^JL 

^E]-^-^ ^ ElE}^A^lo| ^7>% ti]7> 1 o]^>o] Bj^^lo] ^Jf*V E} EBr ^-iHjflBfS] 

^t^S oj^o}^i n^-oflAl ^ifl^ 3^ ^ *}2i # 

^. 

[^^■^ 281 

*fl27 iMl 5a°^i, a o V 7] ^3§nV^ E]^/^^ <£ 7>% al7> 1 Ol^-ol E^E}^- ^3^*1 
3* «5}^r «1-£^1 4l7fo] o o V^ 
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29] 

Xl27 %H1 #7] StHt 5L^-*Rr ^ ^*Rr #3] #7l ±SL^/£lsfl 

30] 

X]29 #7] 

i&JESfl ih7>^ 
[3^8" 31] 

X129 ^Hl SM*!, ^-71 RF i^E^ s^-*>*l <£±=- s^io 

32] 

Xl31 %H1 &<H>H, #7] ^Tfl^r 
33] 

X131 %H| &oH, ^71 ^3 
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^-ol^-^ofl sl^^HF >M-8-*Hr 31 2 #311- 3^ ^ilS S}^ tiVS^Il i 

a}£} 312: ^ . 
34] 

3127 5a<3*l, #7l i^Kr ^ ^ SlIrH^, Si^r 

eIe)-^-, q*g, ^31, wH+f-, q.£# ^ °1*£} 

«-e^ M-g: 20 ^7}(atomic)% <3*}S 3t#s}fe ^"g-^Sl Sfe 

«V£3l 4i7>£] 313: «o v ^. 
[3^8" 35] 

3127 *<H &<3*1, ^71 3tBt ifsf^ ^ ^*>fe <£3l^r 300-500 °C ^ 
^31^ ^<s}^ ^-g- ^)o S *VE3l 31S 

36] 

3127 %H1 5a °H , ^-71 l^sl^ ^-71 3tE7} ^"71 ^el-E- 7l^h ^/SL^r ^Bl 

TT 311 ^5L3H ^Al^ 3)1 ^ 

^"71 ^n}- g Aj- 7 1 3]i ^ <gaj #3HH *1 tiV^-^ Jl ^7] 

« i^Hr ^J-g- AjEJi>| 3]t1^ #31; ^ 

-^"71 311 ^ -gri^H "g^s)^ #7l S.i-=,.|VE St^BlAj-ol^nVol 

S^S^H n}oi^^A>olH.^^ Ai^-£l£^- ^ 312 ^ <13 #311- S#*Kr 3 

* ^JLS. #£.31 ^7>5l 312: ^ . 
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37] 

^136 %H1 9X°]*), A o V 7l *)U 350-650 °C S] ^£ ^^H^I, 

A oM all 2 -8r£^ 700-900 °CS] ^£ ^^o] ^-g- f^os aVixfl 

[3^8- 38] 

#?1 ^Hl i^i/=eflo] 5j ^ islloi^i- ^tii^c] ^#oi 

€ l-i^sl^°_B o]^o]^\ TflolB* $#*Hr #31; 

A oM 71^" #^1 StHt Bf-*Kr ^ ^^*>Sl, 3tH7f ^-71 ±SL*i/l=.$l*\ 

#7l 3fHt B^-sRr ^ ^E}^-a) / q-^^i €7>%7V l jit} €• 

^^oi ^«-*v ^^4- ^*Kr #31; £ 

^"71 44-1-1- 1*]5l*H #71 SH* <3*fl Tfl^BVo] S-^^^-B C^-ol^^Afo) = nVo_^ 
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39] 

*J3K\ %7\% «17> 1 ol^-o] E]Ef^ ^^JpV £ B) 

&Bet/^^ ^7>% «17> 1 ol^-O] E^^O] E^T? ^nV, B^eBt^ gj 

e^-bV^s] ^7>% yl7> 1 oi^>o] ^7> f^-t!: ^3^S] &<t- B)Ef^-^- 

40] 

^139 1H1 SU^I, #7] t]^/^±.2\ Q7}% V)7} 1 o]a o Vo] ^EHf ^3^*1 
[3^8" 41] 

^139 &<>H, #7] 2tSt £f5}^ *Kg- ^-711 ^ofl, ^i^AELei] 

01 cg^^ Aj-7) ^oJh ^oHl ^7l ^sl^l- £fsl-b ^ A cMl ^V^s* 
42] 

^141 *<H1 9i°l*], ^7} #7*)^ 
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